We compared the relative efficacy of three methods for the isolation of Streptococcus pneumoniae in lower respiratory secretions. Based on results from 294 clinical specimens, we found that S. pneumoniae was isolated at a frequency of 65% with 5% sheep blood agar or 5% sheep blood agar containing 5 yg of gentamicin per ml, both incubated in 5% CO2. Anaerobic incubation of 5% sheep blood agar enhanced the recovery rate of S. pneumoniae to 93%. The improved efficacy with anaerobic incubation is due to the greater ease of recognition of the larger and more mucoid colonies of S. pneumoniae, and to the suppression of the growth of other oral bacteria present in the respiratory sections. (8) . Acceptable specimens were processed for culture by the conventional protocol suggested by Isenberg et al. (7). In addition to the standard culture media, additional plates of 5% sheep blood agar and gentamicin-containing sheep blood agar were used for each specimen. Throughout the study, all platings were carried out by the same technician.
We compared the relative efficacy of three methods for the isolation of Streptococcus pneumoniae in lower respiratory secretions. Based on results from 294 clinical specimens, we found that S. pneumoniae was isolated at a frequency of 65% with 5% sheep blood agar or 5% sheep blood agar containing 5 yg of gentamicin per ml, both incubated in 5% CO2. Anaerobic incubation of 5% sheep blood agar enhanced the recovery rate of S. pneumoniae to 93%. The improved efficacy with anaerobic incubation is due to the greater ease of recognition of the larger and more mucoid colonies of S. pneumoniae, and to the suppression of the growth of other oral bacteria present in the respiratory sections.
The isolation rate of Streptococcus pneumoniae in sputum cultures from patients with pneumococcal pneumonia by the standard method, i.e., 5% sheep blood agar incubated in 5% C02, is low. Several studies have shown that approximately 55% of patients with bacteremic pneumococcal pneumonia yield positive culture of S. pneumoniae from the sputum (1, 4) . This low yield cannot be attributed to a decreased viability of the organism in the presence of pharyngeal flora when plating of the specimen is delayed (12) . The (8) . Acceptable specimens were processed for culture by the conventional protocol suggested by Isenberg et al. (7) . In addition to the standard culture media, additional plates of 5% sheep blood agar and gentamicin-containing sheep blood agar were used for each specimen. Throughout the study, all platings were carried out by the same technician.
Media were prepared weekly with the aid of a Bench Top Agarmatic Sterilizer (New Brunswick Scientific Co., New Brunswick, N.J.) so that uniform depth (6 mm) was maintained for each batch of plates. Gentamicin powder was supplied by Schering Corp., Bloomfield, N.J.
The culture methods used in the present study are designated as follows: SBA-CO2 for sheep blood agar incubated in 5% C02; GBA-CO2 for sheep blood agar supplemented with 5 jig of gentamicin per ml incubated in 5% C02; and SBA-ANA for sheep blood agar incubated in a GasPak jar (BBL Microbiology Systems, Cockeysville, Md.). After overnight incubation (18 h) at 35°C, the plates were examined by three technicians working independently. The GBA-C02 plates were re-examined at the end of 48 h of incubation. To minimize the variation due to individual experience, the three examiners rotated during the 3-month study so that they worked with all three culture 772 (Table 2) .
To understand the mechanisms that explain 
DISCUSSION
Contrary to previous reports, the addition of gentamicin to sheep blood agar did not enhance the isolation rate of S. pneumoniae in the lower respiratory secretions. The most striking effect of gentamicin in sheep blood agar is to eliminate gentamicin-susceptible gram-negative enterics and S. aureus in the pharyngeal flora. Other species, such as viridans group streptococci, diphtheroids, Neisseria sp., and yeasts, are not affected by the presence of this antibiotic. Of 294 clinical specimens, 13% of the positive specimens had significant numbers of S. aureus and 7% of the positive specimens contained gramnegative enterics. The smaller colonies of S. pneumoniae on GBA-CO2 plates presented difficulties in distinguishing S. pneumoniae from other alpha-hemolytic streptococci even after 48 h of incubation; this difficulty could account for all 19 false-negative results. In one specimen, the presence of viridans group streptococci prevented the recognition of S. pneumoniae, in spite of the complete elimination of Escherichia coli on the GBA-CO2 plate. In view of the nature of colonized organisms in our patient populations and the difficulty with the recognition of S. pneumoniae, we believe GBA-CO2 is of limited value for the primary culturing of S. pneumoniae from lower respiratory tract secretions.
SBA-ANA enhanced the isolation rate of S. pneumoniae by 27% as compared with the standard method. There were four false-negative specimens. In one case, the failure to recognize S. pneumoniae can be attributed to the growth of a large quantity of mucoid Klebsiella pneumoniae. The remaining three were due to the difficulty in distinguishing S. pneumoniae from other oral streptococci. In the majority of cases, the colonies of S. pneumoniae could be easily recognized by their larger sizes and mucoid appearance in the midst of normal flora, whereas organisms such as S. aureus, gram-negative enterics, diphtheroids, Neisseria sp., and yeasts were suppressed under the anaerobic incubation.
Strict anaerobes, which are prevalent in the mouth and upper respiratory tract as normal flora, did not interfere in the SBA-ANA method. All 294 specimens were collected and handled without taking special precautions against oxygen toxicity. In addition, SBA-ANA plates were examined after 18 h of incubation, a period too short for most fastidious anaerobes to become visible on the plates.
In spite of the fact that all 55 isolates could grow both aerobically and anaerobically on subculturing, we cannot rule out the possibility that some strains of S. pneumoniae may be nonaerotolerant during initial isolation. Since our initial screening focused on alpha-hemolytic colonies, it is likely that the beta-hemolytic obligatory anaerobic S. pneumoniae described by Yatabe et al. (13) might have been missed in our study.
S. pneumoniae is currently classified as a facultative anaerobe. This organism lacks cytochromes and utilizes oxygen through the flavoprotein system, with hydrogen peroxide as its metabolic end product. The peroxide production is not only responsible for the green discoloration surrounding colonies on blood agar, but is also in part related to the autolysis of S. pneumoniae (5) . A reduction of hydrogen peroxide production during anaerobic growth may explain the absence of alpha-hemolysis and the absence of a central depression in the colonies. However, the reason for the formation of large mucoid pneumococcal colonies grown anaerobically is not clear. Howden emphasized the importance of the reduction in the potency of the pneumococcal autolysin in the absence of oxygen (6) . We tested this possibility by employing an autolysin-deficient nonencapsulated mutant, CWL-1. As with the wild-type S. pneumoniae, larger colonies were produced by this mutant when grown anaerobically; however, we cannot prove that the reduction of autolysis is solely responsible for the phenomenon, and it seems more likely that a number of events could have contributed to the formation of the larger mucoid colonies in the absence of oxygen. Further studies are needed such as the rate of DNA synthesis and the activity of autolysin of S. pneumoniae under both aerobic and anaerobic conditions. This study does not intend to establish the etiological diagnosis in pneumococcal pneumonia patients, but to explore a simple, costeffective method to improve the rate of isolation of S. pneumoniae in clinical laboratories. We conclude that SBA-ANA is a simple procedure with better results than the standard method and gentamicin-supplemented blood agar.
